This study examined which neural mechanism (opioid, dopaminergic, or serotonergic system) is involved in the regulation of luteinizing hormone (LH) secretion, with and without nutritional modulation, at different times of the photoperiodic cycle. Goats were randomly distributed into two experimental groups that received either 1.1 (high group; n ¼ 18) or 0.7 (low group; n ¼ 18) times the nutritional maintenance requirements. The goats were exposed to alternations of 3 mo of long days and 3 mo of short days. Plasma LH concentrations were measured twice a week. The effects of intravenous injections of naloxone (endogenous opioid receptor antagonist), pimozide (dopaminergic 2 receptor antagonist), and cyproheptadine (serotonin 5-hydroxytryptamine 2 receptor antagonist) on LH secretion were assessed during challenges in three different photoperiodic situations: the onset of LH stimulation by short days (OnsetSD), the onset of LH inhibition by long days (OnsetLD), and during the LH inhibition by long days (LateLD). The role of the different neural systems was clearly modified by the level of nutrition. In the low-nutrition group, only naloxone increased LH concentrations during onsetLD (P , 0.05). However, in the highnutrition group, naloxone increased the concentration and pulsatility of LH (P , 0.05) in onsetSD and onsetLD. Pimozide increased LH concentration and pulsatility (P , 0.05) in onsetLD and LH concentration in lateLD (P , 0.001). Finally, cyproheptadine significantly increased LH concentration at all three times (P , 0.001). These results provide evidence that all three systems are involved in the inhibition of LH release in onsetLD, and that the opioid and serotonin mechanisms are involved during the onsetSD that were enhanced by a high plane of nutrition.
INTRODUCTION
Photoperiod is the principal cue governing reproductive activity through its influence on pituitary responsiveness to gonadotropin-releasing hormone (GnRH) and the pattern of luteinizing hormone (LH) secretion [1] . In female goats, this influence is reflected by seasonal changes in ovarian activity and LH concentrations [2] . Under artificial photoperiod, the transfer of goats from a long to a short photoperiod produces an increase in neuroendocrine sexual activity after about 56 days [3] . The neural mechanisms responsible for the transduction of photoperiodic signals into an endocrine response have not been completely elucidated. It has now been established that melatonin mediates the reproductive response to both inductive and inhibitory day lengths [4, 5] .
Several studies have shown the role of the different neural systems responsible for LH pulse frequency inhibition during natural anestrous, above all in ewes. Endogenous opioid modulation of reproductive activity is well documented. Opioid mechanisms regulate LH secretion during early and late anestrous [6] , and the blockage of opiate receptors with naloxone increases LH concentrations in bucks during the nonbreeding season [7] . However, the response to naloxone failed to induce a response in oestradiol-implanted adult ewes [8] [9] [10] [11] [12] .
The dopaminergic system is another neural mechanism that has been shown to be involved in the suppression of LH secretion by oestradiol during seasonal anestrous in ewes. Pimozide, a dopamine antagonist, increases LH pulse frequency in intact ewes [6, [13] [14] [15] [16] ], yet no information exists about the role of this system on the inhibition of LH pulsatility in goats.
The serotonergic system is the third neural system that has been shown to be involved in LH inhibition during seasonal anestrous in sheep. Riggs and Malven [17] found that the intraventricular infusion of serotonin suppresses the secretion of LH in castrated rams, and suggests an inhibitory role for serotonergic neurons. In oestradiol-treated, ovariectomized ewes, the serotonergic receptor antagonist, cyproheptadine, increased pulsatile LH secretion, both before the onset of the stimulatory short-day response and during photorefractoriness to short days [16] . Although the role of serotonin in the inhibition of LH secretion has not been described in Mediterranean goats, it appears to be involved during early anestrous in Mediterranean ewes [18] .
Nutrition is considered to be an important factor that affects reproductive function in domestic ruminants and influences the onset of ovarian cyclicity in goats [2, 19] . Low levels of food intake or poor body condition are associated with an enhanced hypothalamic sensitivity to oestradiol [20] , and nutrition in Mediterranean goats can modulate the effect of photoperiod on the length and depth of seasonal anestrous [2] .
Seasonal changes in GnRH/LH secretion are related to seasonal changes in concentrations of, and sensitivity to, circulating gonadal steroids [21] . These cause a clear reduction in gonadotropin secretion during seasonal anestrus [2, 22] , reflecting the corresponding change in the action of oestradiol on episodic GnRH release [23] . Moreover, the sensitivity of hypothalamic activity to oestradiol may be enhanced or reduced according to the level of food intake [24] . Thus, ovariectomized animals with oestradiol implants (OVXþE) provide an experimental model commonly used in seasonality and nutrition research, because they reflect the changes in the sensitivity of the hypothalamus-hypophyseal axis to oestradiol under constant release of this steroid [2, 22] .
In this paper, we assess the effect of the level of nutrition on the regulation of LH secretion by the endogenous opioid, dopaminergic, and serotonergic systems during the stimulation of LH secretion by short days or during the onset of the inhibition of LH secretion by long days, and during the inhibition of LH secretion during long days.
MATERIALS AND METHODS

Study Conditions
All management and experimental procedures were carried out in strict accordance with the Spanish guidelines for experimental animal protection RD 1201/2005, and by trained personnel, in accordance with European Union Directive 86/609 regarding the protection of animals used in scientific experiments.
The present study was conducted on the University of Huelva's experimental farm (latitude 37815 0 N), which meets the requirements of the European Community Commission for Scientific Procedure Establishments (1986).
Animals, Nutrition, and Photoperiodic Treatments
Thirty six adult female goats were used in this study. They were ovariectomized 1 mo before the onset of the experiment and simultaneously implanted subcutaneously with a 3.0-cm Silastic implant (internal diameter ¼ 3.3 mm; external diameter ¼ 4.6 mm) [25] containing crystalline oestradiol (Sigma Chemical Co., St. Louis). The implants were soaked in physiologic serum before insertion to prevent an initial peak of steroid release. Does were randomly assigned to two experimental groups based on the provision of nutrition balanced for live weight (LW) and body condition score (BCS) [26] . The group that received a high plane of nutrition (high group; n ¼ 18) was fed with 700 g of concentrate and 500 g of barley straw, whereas the group that received a low plane of nutrition (low group; n ¼ 18) was fed with 350 g of concentrate and 500 g of barley straw. These amounts correspond to a daily intake of 0.78 milk fodder units (UFL) and 100 g of digestible protein (high group) and 0.49 UFL and 50 g of digestible protein (low group), providing 1.1 and 0.7 times maintenance requirements, respectively, for a goat of 50 kg LW at the beginning of the experiment, according to Institut National de la Recherche Agronomique standards [27] . Food was offered once a day, with the concentrate being distributed individually to each animal, and the barley straw being divided within each pen. The concentrate was a commercial mixture of maize (26.3%), beans (20%), oats (14.1%), cotton seed (13.7%), peas (13.4%), lupin (7.3%), barley (0.2%), wheat (0.2%), sunflower seeds (0.2%), and a commercial concentrate as a mineral-vitamin complement (4.6%). All the animals had free access to water and mineral blocks containing trace elements and vitamins.
The females in both nutritional groups were housed in a light-proof building under artificial lighting. They were exposed for 9 mo to alternations between 3 mo of long days (LD, 16L:8D: lights on, 0700 h; lights off, 2300 h) and 3 mo of short days (SD, 8L:16D: lights on, 0700 h; lights off, 1500 h). The photoperiodic treatment started on June 15, and the first exposure was to long days.
Long-Term LH Neuroendocrine Activity
The effect of photoperiodic treatments on neuroendocrine LH activity was assessed through monitoring long-term LH variations by collecting blood samples twice a week by jugular venipuncture. The samples were immediately centrifuged for 30 min (3000 3 g) and the plasma stored at À208C until assay. The time of onset and cessation of LH secretion was determined for each individual pattern. First, a baseline level for each individual profile was defined as the average value of the samples obtained from February 22 until April 18, since this was the period with lower LH concentrations ( Fig. 1 ). Elevated LH concentrations were defined as differing from this baseline by more than 3 SD of the baseline.
Drugs
Antagonists to opioid receptors (naloxone), dopaminergic 2 receptors (pimozide), and serotonin 5-hydroxytryptamine 2 (5HT 2 ) receptors (cyproheptadine) were used at different points in time during the stimulation or inhibition of LH secretion as induced by the photoperiodic treatment. Naloxone hydrochloride (Sigma-Aldrich) was dissolved in 0.9% (w/v) sterile saline at a concentration of 4.8 mg/ml. Pimozide (Sigma-Aldrich) was dissolved in 0.1 M tartaric acid at a concentration of 3 mg/ml. Cyproheptadine hydrochloride sesquihydrate (Sigma-Aldrich) was dissolved in 50% ethanol-propanediol at a concentration of 25 mg/ml. The drugs were administered as a bolus into the jugular vein though a catheter. Each drug was dissolved less than 3 h before intravenous injection and stored at room temperature until use.
Drug Challenges
During all these challenges, blood samples were collected at 10-minute intervals, from 1 h before (control period) to 2 h after (treatment period) the intravenous injection.
Drug challenge 1: dose response to naloxone, pimozide, and cyproheptadine. The challenge was conducted in order to define the effective dose of each drug that modifies LH concentrations in goats. This challenge was performed on three occasions over 6 wk after the shift from long to short days. The first time, each goat received the lowest dose of each drug intravenously. To avoid possible carryover effects, the same goats received the intermediate dose of each drug 5 days later, and 7 days later received the highest dose of each drug. All the goats used were from the high group. The doses used were: 0.50, 1.00, and 2.00 mg/kg LW (n ¼ 3 goats per dose) of naloxone; 0.25, 0.50, and 0.75 mg/kg LW (n ¼ 3 per dose) of pimozide; and 0.1, 0.25, and 0.75 mg/ kg LW (n ¼ 3 per dose) of cyproheptadine.
Drug challenge 2: the effects of naloxone, pimozide, and cyproheptadine on LH release in goats at specific times in respect to parameters of LH release during different photoperiodic regimes. The dates of each antagonist treatment were defined according to LH profiles ( Fig. 1 ): the onset of LH stimulation secretion by short days (late seasonal anestrous), the onset of the inhibition of LH secretion by long days (early seasonal anestrous), and the time when the LH secretion is inhibited by long days (deep seasonal anestrous). On each occasion, the goats received either naloxone (n ¼ 6 per nutritional group), pimozide (n ¼ 6 per nutritional group), or cyproheptadine (n ¼ 6 per nutritional group). During each challenge, blood samples were collected via jugular catheter. The animals used for each nutritional group were different for each drug. During all the challenges, blood samples were collected at 10-min intervals from 3 h before (control period) to 3 h after (treatment period) the intravenous injection of the appropriate vehicles described above or the drugs, respectively.
LH Assays and Pulse Identification
Plasma LH concentrations were determined by using double-antibody ELISA, as previously described by Faure et al. [28] . The sensitivity of the assay was 0.1 ng/ml, and the intra-and interassay coefficients of variation in the control were 7.5% and 2.5%, respectively. All samples from the same challenge were measured in the same assay. All the hormonal analyses were conducted at the hormone analysis laboratory (Nouzilly, France). LH pulses were defined, according to Baird et al. [29] , as the point with two consecutive values higher than the two preceding ones, with the highest value (pulse amplitude) exceeding the mean basal value by at least four times the coefficient of variation of the assay.
Statistical Analysis
The data obtained during the first 3 mo of the study (June 15 to September 15) were excluded from the statistical analysis because this was considered to be the period needed by the animals to adapt to the experimental conditions; however, these data are included in the figures. The weekly effects of nutrition on LW and BCS or twice weekly samples of LH concentrations were analyzed 448 ZARAZAGA ET AL. using the one-factor ANOVA (nutritional treatments: high group or low group), with time as a repeated measure.
The mean LH concentrations and mean LH pulse frequencies and amplitudes in the drug treatments were calculated for each pre-and posttreatment period. These variables were used for statistical analysis.
Due to the nonparametric nature of LH pulse frequency, a Wilcoxon test was performed for the between-dose comparisons of each drug to test the difference between the number of pulses before and after treatment. The effect of the treatments on mean LH concentration were analyzed using a paired t-test (pre-vs. postinjection periods).
The results of the mean LH concentration during the pre and postinjection period at each point in time of the stimulation or inhibition of the LH secretion by the photoperiodic treatment (late, onset, and deep seasonal anestrous) were analyzed using ANOVA, with drug (naloxone, pimozide, or cyproheptadine), nutrition (high or low group), and time as repeated measures. A Tukey test was performed when differences between drug treatments were significant. After ANOVA, the effect of drug treatments on the mean LH concentration were analyzed using a paired t-test (pre-vs. postinjection periods) at each point in time of seasonal anestrous and for each nutritional group.
Due to the nonparametric nature of LH pulse frequency, a Kruskall-Wallis ANOVA was used to test the differences between nutritional groups in the control periods. After ANOVA, the effects of drug treatments on the number of LH pulses were analyzed using the Wilcoxon test (pre-vs. postinjection periods) for each point in time studied during the reproductive period, and for each drug in the same nutritional group.
RESULTS
LW and BCS
Mean LW and BCS varied substantially (P , 0.001) over time between experimental groups, as depicted in Figure 2 . Overall, mean LW and BCS was higher in high-group compared with low-group animals (53.4 6 0.3 kg and 2.50 6 0.01 kg vs. 47.9 6 0.3 kg and 2.22 6 0.01 kg, respectively). No interaction between plane of nutrition and time was observed.
Patterns of LH Concentrations
Both groups displayed substantial variations in LH concentrations according to the photoperiod to which they were subjected (Fig. 1) . Thus, the LH concentrations varied substantially over time (P , 0.001), with a significant effect of nutrition (0.59 6 0.02 ng/ml vs. 0.40 6 0.01 ng/ml mean LH concentrations over the entire sampling period, for the high and low groups, respectively; P , 0.01). When LH concentrations during the short-or long-day photoperiod were analyzed, very substantial differences were observed, with higher mean LH concentrations during the short-or long-day photoperiods (0.54 6 0.01 vs. 0.43 6 0.01 ng/ml for short and long days, respectively, P , 0.001). Moreover, mean LH differences between nutritional groups were observed during short-day (0.65 6 0.02 vs. 0.44 6 0.02 ng/ml for the high and low groups, respectively, P , 0.001) and long-day experiments (0.51 6 0.02 vs. 0.35 6 0.01 ng/ml for the high and low groups, respectively; P , 0.001).
The mean interval between the shift from long to short days and the stimulation of the LH secretion differed between nutritional groups (P , 0.001) ( Table 1 ), in accordance with the criteria described above. Similar results were demonstrated with the mean interval between the change from short to long days and the onset of the inhibition of LH secretion, with a clear effect of nutrition (P , 0.05; Table 1 ). These results caused a longer duration of the inhibition of LH secretion in the low group (P , 0.001).
Dose Response of LH Release to Naloxone, Cyproheptadine, and Pimozide
Only the highest doses of naloxone, pimozide, or cyproheptadine elicited an elevation in mean LH concentrations (Fig.   FIG. 1 . Changes (mean 6 SEM) in LH concentration (ng/ml) in Mediterranean female goats subjected to alternations of 3 mo of long days and 3 mo of short days. Goats received either 1.1 (high group, solid symbols; n ¼ 18) or 0.7 (low group, open symbols; n ¼ 18) times the maintenance requirements. Shared areas indicate the months when animals were exposed to short days. The arrows indicate the dates that challenges with drug were performed. TABLE 1. The mean interval (days) between the shift from long to short days during the stimulation of the LH (High LH) and between the change from short to long days during the onset of the inhibition of the LH (Low LH), the elevation of LH secretion (Activity), and of the period of inhibition of LH secretion (Inactivity) in each nutritional group. 
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3). Therefore, when mean LH concentrations during the preand posttreatment periods were compared, differences (P , 0.05) were only observed at doses of 2, 0.75, and 0.75 mg/kg LW for naloxone, pimozide, and cyproheptadine, respectively.
The Effect of Nutrition and Drug Treatments on LH Release in Goats at the Onset of the Stimulation of LH Concentrations by Short Days
There was no effect of nutrition or time on mean LH release during the control period for each drug. However, an effect of time (P , 0.05), nutrition (P , 0.001), and pharmacological treatment (P , 0.001) was observed during the postinjection period. The naloxone treatment induced higher LH concentrations than the other two drugs (1.50 6 0.08 ng/ml, 0.73 6 0.03 ng/ml, and 0.81 6 0.04 ng/ml for naloxone, pimozide, and cyproheptadine, respectively).
The differences between the pre-and postinjection periods for each nutritional treatment and drug are summarized in Figures 4A and 5A . None of the treatments modified LH concentrations or the mean number of pulses in the low group. In the high group, naloxone and cyproheptadine increased LH concentrations (P , 0.001) and the mean number of pulses (P , 0.05).
The Effect of Nutrition and Drug Treatments on LH Release in Goats at the Onset of the Inhibition of LH Concentrations by Long Days
No differences were observed in LH concentrations between nutritional groups during the pretreatment period. After treatment, an effect of time and nutrition was observed (P , 0.001). The differences between pre-and postinjection periods for each nutritional treatment and drug are summarized in Figures 4B and 5B. Only naloxone increased the LH concentrations in the low group (P , 0.05), but none of the used drugs modified the mean number of LH pulses in this group. However, all the drugs induced a clear increase in LH concentrations (P , 0.001) and the mean number of pulses in the high group (P , 0.05).
FIG. 2. Changes (mean 6 SEM) in live weight (A) and body condition score (B) in
Mediterranean female goats subjected to alternations of 3 mo of long days and 3 mo of short days. Goats received either 1.1 (high group, solid symbols; n ¼ 18) or 0.7 (low group, open symbols; n ¼ 18) times the maintenance requirements. Shared areas indicate the months when animals were exposed to short days.
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The Effect of Nutrition and Drug Treatments on LH Release in Goats During the Inhibition of LH by Long Days
Differences (P , 0.001) were observed in LH concentrations between nutritional groups during the pretreatment period. An effect of time was observed (P , 0.01) after the injection of the drug. Differences between nutritional groups were maintained (P , 0.001) during this period, but no differences among drugs treatments were observed.
The differences between the pre-and postinjection periods for each nutritional treatment and drug are summarized in Figures 4C and 5C . None of the drugs increased the LH concentrations in the low group; however, pimozide and cyproheptadine increased LH concentrations in the high group (P , 0.001). No drug increased the number of pulses in any of the nutritional groups.
DISCUSSION
It has been demonstrated that the role of nutrition is very important in the inhibition of LH secretion in Mediterranean female goats. The results indicate that different neural systems are involved at specific times within the reproductive cycle, but their role was modified by the level of nutrition. The lack of response to the used drugs in the low-nutrition group could indicate that these neurotransmitters are more strongly involved and/or the doses selected were not adequate to overcome that inhibition under these conditions. However, whenever an increase in LH secretion was observed due to treatment, it was always in the group that received a higher plane of nutrition.
In the present study, the lower level of nutrition induced a decrease in the mean LH concentrations during the entire photoperiodic cycle in comparison with the higher level of nutrition. In line with our results, Walkden-Brown et al. [19] observed that the effect of a low-quality diet in bucks induced a reduction of LH concentrations during the entire experimental period compared with bucks with a high-quality diet. Rhind et al. [24] reported that low food intake is associated with increased negative feedback to oestradiol on LH in OVXþE ewes. In goats, De Santiago-Miramontes et al. [30] and Zarazaga et al. [2] have shown that females with a lower BCS or a lower level of nutrition, respectively, presented longer seasonal anestrous as a result of an earlier onset of the anovulatory period, and a delayed onset of ovulatory activity. These results in goats coincide with those obtained in the present experiment, and allow earlier results to be explained, because the activity of the hypothalamic-pituitary axis begins later in animals with reduced levels of nutrition.
Irrespective of the level of nutrition, naloxone treatment (endogenous opioid receptor antagonist, 2 mg/kg LW) tended to increase LH secretion only during the onset of LH inhibition by long days. Moreover, this drug increased LH secretion in the high group at the onset of the LH stimulation by the short days. This result is very similar to those obtained by Forcada et al. [6] , with naloxone, producing a clear effect on both supplemented and nonsupplemented Mediterranean ewes. Several studies have failed to increase LH secretion in ewes during food restriction after naloxone treatment [31, 32] , suggesting that opioid pathways do not exert a significant inhibitory influence on LH release during undernutrition, yet no previous results exist in goats. One possible explanation for the clear effect of naloxone on LH pulsatility may be that it has been demonstrated that the hypothalamic GnRH pulse generator activity is under a tonic suppression by endogenous opioid in ovariectomized goats [33] . Singh et al. [7] and Fuentes et al. [34] observed that the injection of naloxone or the chronic administration of low doses of naloxone in bucks during the nonbreeding season increased LH concentrations; Xia Orong and Zhang (1996; cited in Ref. 7) observed similar results in female goats. However, no effects from naloxone were observed during the deep seasonal anestrous in our experiment. The difference in relation to earlier studies of goat species may be related to the time of the injection in relation to the seasonal anestrous. In our experiment, the artificial photoperiod used ensured that the time of the injection was appropriate in relation to the evolution of the LH concentrations profile. Accordingly, several authors have failed to produce a response from naloxone on LH secretion in seasonally anestrous adult ewes [8] [9] [10] [11] [12] [13] .
The lack of effect of pimozide (dopaminergic 2 receptor antagonist) on LH secretion in the low group could indicate that these neurotransmitters are more strongly involved and/or the dose selected (0.75 mg/kg LW) was not adequate to overcome that inhibition under our conditions. In the high group, pimozide increased the number of pulses of LH during early anestrous (onset of the LH inhibition by long days). These results are similar to those described in supplemented OVXþE ewes during early anestrous [6] , or refractory to short days after photoperiodic treatments [15, 16] , reporting an increase in LH pulsatility. All together, these results demonstrate that the dopaminergic system plays an important role in modulating LH pulsatile release during this period in goats and ewes. Our results indicate that the lower hypothalamic sensitivity to the negative feedback effects of oestradiol on LH in goats receiving a higher plane of nutrition could be mediated, at a minimum, by the dopaminergic system during early anestrous. The absence of pimozide effect on LH secretion in the low group contrasts with previous findings by Forcada et al. [18] , who observed an increase in LH pulsatility in both high-and low-nutrition OVXþE ewes. However, in that experiment, all the ewes were treated with melatonin, which stimulates GnRH and LH by reducing tyrosine hydroxylase activity in the median eminence [35] . In our study, no effect of pimozide was observed during the LH inhibition by long days. These results are also consistent with those by Le Corre and Chemineau [16] . This suggests that the dopaminergic system could be relatively unimportant during photosuppression [36] . To our knowledge, no results concerning the role of the dopaminergic system on the inhibition of LH concentration in goats have been published.
No effect of cyproheptatine (serotonin 5-hydroxytryptamine 2 receptor antagonist) on LH of the low group was observed, which could indicate again that these neurotransmit -FIG. 4 . The effect of naloxone, pimozide, and cyproheptadine on mean LH concentrations (6 SEM, left panel) and on the mean number of LH pulses (6 SEM, right panel) 3 h before (solid squares) and after (open squares) injections. Female Mediterranean goats received 1.1 (high group, n ¼ 18) or 0.7 times the maintenance requirements (low group, n ¼ 18) during the onset of LH stimulation by short days (A), the onset of the LH inhibition by long days (B), and the LH inhibition by long days (C). Six goats were used per drug. *P , 0.05; ***P , 0.001.
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ters are strongly implicated and/or the dose selected (0.75 mg/ kg LW) was not enough to overcome that inhibition under our conditions. Our findings also suggest that the serotonergic mechanism played a major role in the photoperiodic inhibition by the long days and the photoperiodic stimulation by the short days, since cyproheptadine sharply increased the number of LH pulses in the high group. These results suggest that the lower hypothalamic sensitivity to the negative feedback effects of oestradiol in goats receiving a higher plane of nutrition could be mediated, at a minimum during these periods, by the serotonergic system. These results differ from those obtained in Mediterranean ewes by Forcada et al. [18] , who reported an increase in LH secretion during early anestrous in ewes with high and low levels of nutrition, but no effect during late anestrous. However, our results are similar to those obtained by Le Corre and Chemineau [16] , who obtained a positive effect from cyproheptadine in Ile de France ewes before short-day response and refractory to short days. However, these authors observed a significant effect from cyproheptadine in ewes in long days, which was similar to the deep seasonal anestrous in our experiment. This discrepancy may be due to a difference between the role of serotonergic neurons on the inhibition of the LH pulsatility between goats and ewes.
In conclusion, our results provide evidence that the role of the different neural systems were modified by the level of nutrition. In this way, the LH secretion of the group that received 0.7 times the nutritional maintenance requirements only responded to the injection of the opioid antagonist receptor (naloxone) during the onset of the inhibition by the LD. However, in the group that received 1.1 times the nutritional maintenance requirements, it was demonstrated that endogenous opioid and serotoninegic mechanisms (cyprohep- tadine) were involved in the inhibition of LH pulse frequency in female Mediterranean goats during onset of the LH inhibition by long days and onset of LH stimulation by short days. Furthermore, the ability of pimozide to increase LH pulse frequency in a state of long-days inhibition was demonstrated.
